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Description 

[0001 ] The present invention relates to a power driving 
system, an electric power apparatus and a power trans- 
mitting apparatus for use in electric vehicles. In particu- s 
lar, it relates to an electric power apparatus and pow r 
transmitting apparatus having a unit structure, and to a 
power driving system comprising such apparatus. Fur- 
thermore, the invention particularly relates to an electric 
power apparatus which can easily be replaced and 10 
assembled, and a power transmitting apparatus which 
has improved efficiency of power transmission and is 
automated in control, for achieving an improvement in 
overall traveling performance. 

[0002] Recently, attention has been focused on elec- is 
trie vehicles propelled by the use of electric motors for 
traveling as next-generation vehicles to be substituted 
for vehicles using internal combustion engines. In other 
words, it is expected that electric vehicles can solve a 
great part of environmental problems such as exhaust 20 
gas and noise of vehicles, the exhaust gas being said to 
be responsible for air pollution in percentage of about 70 
%, and that the life of petroleum resources can be pro- 
longed double or more. 

[0003] The electric vehicle includes, as a power driv- 25 
ing system, a battery power supply, an electric motor for 
traveling, and a motor driving circuit for controlling rota- 
tion of the motor. The motor power generated by the 
motor is transmitted through a power transmitting appa- 
ratus to rotate a road wheel for moving the vehicle. 30 
[0004] The following description refers to, for example, 
an electric scooter as one kind of electric vehicle. As 
shown in Fig. 14 of the accompanying drawings, an 
electric scooter 51 comprises road wheels 54, 55 sus- 
pended from a main frame 53 of a vehicle body 52 35 
through shock absorbers (not shown), a battery power 
supply 56 disposed substantially centrally of the vehicle 
body 52 in a low-level position, a motor driving circuit 57 
for supplying electric power from the battery power sup- 
ply 56 to the motor while controlling the power in 40 
accordance with manual instructions from a driver, a 
electric motor 58 for traveling rotated and controlled by 
the motor driving circuit 57, and a power transmitting 
apparatus 59 for transmitting rotative driving forces gen- 
erated by the motor 58 to a road wheel 55. as 
[0005] The battery power supply 56 constituting an 
electric power system of the electric vehicle is made up 
by, for example, four storage cells 60, 60... fixed to a 
frame through a bracket. These storage cells 60 are 
connected in series by large-diameter cables to pro- so 
duce a predetermined value of voltage while preventing 
power loss. On both sides of the battery power supply 
56, there are respectively disposed the motor driving 
circuit 57 and a charger 61 which are fixed to the vehicle 
body 52 through brackets and are connected to 55 
input/output terminals of the battery power supply 56 by 
cables. Further, heat radiation from the motor driving 
circuit 57 and the charger 61 is accei rated by heat radi- 



ating plates 62 provided on respective parts of the vehi- 
cle body 52 located thereunder so that they can 
maintain normal operation. Thus, the battery power 
supply 56, the motor driving circuit 57 and the charger 
61 are fixedly mounted to the vehicle body 52 through 
the respective brackets in separate relation and ar 
interconnected via a cable assembly. 
[0006] Incidentally, denoted by reference numeral 63 
is a control circuit for controlling the rotational speed of 
the motor, the control circuit being electrically con- 
nected to the motor driving circuit 57 and an accelerator 
grip on a steering handle 64 by wiring cords, so that a 
control signal depending on operation of the accelerator 
grip by the driver is output to the motor driving circuit 57. 
[0007] The motor driving circuit 57, connected to the 
battery power supply 56, supplies a preset amount of 
electric power to the electric motor 58, whereupon the 
electric motor 58 is operated at a predetermined rota- 
tional speed and driving forces produced by the motor 
are transmitted to the rear wheel 55 through the power 
transmitting apparatus 59. As the power transmitting 
apparatus 59, there is generally known a 2 -speed clutch 
transmission using a plurality of gear mechanisms dis- 
posed in parallel, or a continuously variable transmis- 
sion using a friction transmitting belt. 
[0008] The multistage transmission is of the structure 
that a plurality of gear mechanisms comprising gear 
trains with different gear ratios from each other are pro- 
vided, and the motor drive side is coupled to one of the 
gear mechanisms selected by the driver through 
mechanical meshing realized by a make-and-break 
clutch. Specifically, opposed rotating clutch plates are 
attached to an output shaft of the motor and an input 
shaft of each of the gear mechanisms, respectively, and 
are mechanically moved into contact with or away from 
each other to apply or cut off the driving forces of the 
motor. The gear trains with different gear ratios are 
thereby selectively driven to change the rotational 
speed transmitted. The above clutch operation is manu- 
ally performed by the driver through a cam, a lever, a 
link mechanism, etc. based on judgement made by the 
driver in consideration of the current situation. 
[0009] The belt type continuously variable transmis- 
sion (CVT) is an apparatus comprising a driver pulley 
provided on the motor side, a driven pulley provided on 
the rear wheel side, and a belt extending around both 
the pulleys, so that the driving forces of the motor are 
transmitted to the rear wheel side through friction forces 
produced between the belt and the pulleys. The belt is 
formed of a belt having a V-shaped cross-section which 
can produce greater friction forces than a flat belt by vir- 
tue of the wedging effect for increasing the transmission 
efficiency. The diameter of one of the pulleys is continu- 
ously increased or decreased to continuously change 
the ratio in radius of rotation between the pulleys, 
thereby varying the rotational speed input to the driver 
pulley. 

[0010] However, the battery portion of the prior art 
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electric vehicl has b en disadvantageous in that, 
because the separat storage cells are connected in 
series by cables, it takes time and is troublesome to 
remove and connect the cables when the storage cells 
are assembled or replaced by new ones. In other words, 
harnesses for terminals of the storage ceils must be 
removed one by one, and the corresponding relation- 
ship of the terminals and the harnesses is so laborious 
to discriminate that connection failures may sometimes 
cause. Further, because the battery portion, the motor 
driving circuit, and the charger are also interconnected 
by a cable assembly, this has raised a disadvantage that 
the operation is likewise complicated when those parts 
are assembled in manufacture or replaced by new ones 
in the case of partial failure of the equipment. 
[001 1 ] In an environment under extremely low temper- 
atures such as encountered in the winter, electrochemi- 
cal changes in the storage cells become less active and 
the charging/discharging ability of the storage cells is 
greatly reduced. This has accompanied with it a risk that 
the electric vehicle may fail to travel. 
[0012] When the electric vehicle continues traveling 
for a long time, the motor driving circuit is heated during 
continuous traveling and the circuit function is lowered 
in spite of the design to accelerate heat radiation. This 
has an accompanied drawback that the electric vehicle 
may fail to travel even if the storage cells are replaced 
by fully charged ones and no problems exist with regard 
to the power source. 

[001 3] Further, in the multistage transmission conven- 
tionally used as the power transmitting apparatus, 
because the clutch operation for speed change is gen- 
erally effected by a foot (in four-wheeled vehicles) or a 
hand (in two-wheeled vehicles) upon judgment of the 
driver, it is rather difficult to make or break the clutch 
connection at the proper timing, resulting in a drawback 
that the timing of the clutch operation is sometimes out 
of sync. 

[001 4] In the conventional belt type continuously vari- 
able transmission, because the driving forces are trans- 
mitted through friction transmission between the belt 
and the pulleys, it has a drawback that the transmission 
efficiency is low and the traveling ability of the electric 
vehicle cannot be improved. This drawback is presuma- 
bly attributable to the fact that utilization of friction forces 
produced between the belt and the pulleys for transmit- 
ting the driving forces between them causes slipping 
during the transmission to such an extent that no appre- 
ciable problems occur in practical use. 
[0015] Document DE-A-3243431 discloses a power 
transmitting unit for an electric vehicle for transmitting 
power from an electric motor to a wheel, the power 
transmitting unit comprising first and second gears for 
driving the wheel and a meshing clutch which can be 
engaged with either the first or second gear. 
[0016] K is an object of the present invention to pro- 
vide an lectric power unit which is simple in structure, 
and which can be easily assembled and readily 



replaced. 

[0017] It is another object of the present invention to 
provide a power transmitting unit which is reliable, has 
an increased efficiency and improved performance. 

5 [0018] It is a further object of the present inv ntionto 
improve the overall traveling ability of an electric vehicle. 
[001 9] According to one aspect of the present inven- 
tion there is provided a power transmitting unit for an 
electric vehicle for transmitting power from an electric 

10 motor to a wheel, the power transmitting unit compris- 
ing: 

first and second gears for driving the wheel; and 
a meshing clutch comprising: a clutch movable por- 

15 tion which is arranged to rotate with a motor output 
shaft and is movable in an axial direction of the 
motor output shaft to engage with the first or the 
second gear; and a clutch driving portion having 
excitation coils which envelops the clutch movable 

20 portion characterised in that the clutch moveable 
portion incorporates a permanent magnet, and the 
clutch driving portion has, at both axial ends, yokes 
set to have a larger axial thickness than yokes at 
both ends of the clutch movable portion, thereby 

25 constituting a magnetic circuit for inducing electro- 
magnetic forces of which the acting direction is 
reversed after movement of the clutch movable por- 
tion is begun by excitation of the clutch driving por- 
tion. 

30 

[0020] According to another aspect of the present 
invention there is provided an electric vehicle having a 
power transmitting unit according to the first aspect of 
the invention. 

35 [0021] In another embodiment, a power transmitting 
unit for an electric vehicle which includes as a driving 
system, a motor, a clutch, a transmission, and a power 
transmitting mechanism, comprises an automatic 2- 
speed clutch transmission consisting of a dog clutch 

40 arranged to be rotatable with a motor output shaft and 
movable in the coaxial direction, and gear trains includ- 
ing first and second transmission gears which are sup- 
ported respectively on both sides of the dog clutch to be 
loosely rotatable and are mechanically brought into con- 

45 tact with or away from the dog clutch, the dog clutch 
comprising a clutch movable portion provided to be 
movable in the axial direction of the motor output shaft 
and including a permanent magnet, and a clutch driving 
portion disposed around the clutch movable portion and 

so including excitation coils. 

[0022] The automatic 2-speed clutch transmission 
may be housed in an enclosed case provided with heat 
radiating plates. 

[0023] The power transmitting unit of the present 
55 invention utilises a meshing clutch which engages with 
one of two driver gears depending upon which speed is 
selected. This meshing arrangement, in contrast to prior 
art clutches having parallel clutch plates or the like, pr - 
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vents slipping and thus provides more reliable power 
transmission. 

[0024] Further, the power transmitting unit of the 
aforementioned embodiment has an additional advan- 
tage. Since the make- and break-operation f the clutch s 
is electrically performed by utilizing electromagnetic 
forces, the clutch can be actuated in electrical interlock 
with the motor to improve performance of the clutch 
operation. That is to say, when the clutch is actuated for 
the make- and break-operation, the torque and the rota- 1 o 
tional speed of the motor can be controlled to be tempo- 
rarily changed into proper ones in response to a clutch 
switching signal. 

[0025] Furthermore, the power transmitting unit hav- 
ing a dutch in which the end yokes of the clutch driving 15 
portion are of greater thickness than those of the clutch 
movable portion has an additional advantage of 
increased efficiency. When the clutch movable portion is 
positioned at the end of its movement stroke, attraction 
forces are exerted on the permanent magnet by co- 20 
operation of the permanent magnet of the clutch mova- 
ble portion and the yoke of the clutch driving portion so 
as to act always in the direction of causing the clutch 
movable portion to move into mesh with a driver trans- 
mission gear. Therefore, when the clutch movable por- 25 
tion reaches the stroke end, the clutch movable portion 
will not return to the neutral position and can be held in 
a pressed condition against the driver transmission gear 
even if the excitation coils of the clutch driving portion 
are not energized. Otherwise, since the direction in 30 
which electromagnetic forces are acting on the clutch 
movable portion is reversed before reaching the oppo- 
site ends of movement stroke of the clutch movable por- 
tion such that the forces pressing the clutch movable 
portion in the direction of movement under excitation 35 
continues acting even after the excitation coils are 
stopped from being energized, it is just required to ener- 
gize the excitation coils of the clutch driving portion only 
at the beginning of movement of the clutch movable por- 
tion. As a result, the power consumed by the clutch 40 
operation can be reduced to a necessary minimum 
value. When breaking the connection of the clutch, i.e., 
when returning the clutch movable portion of the dog 
clutch to the neutral position, or when connecting it to 
the gear on the opposite side, a current is supplied to 45 
the excitation coils in the reversed direction. The clutch 
movable portion is thereby moved in a similar manner 
as mentioned above, but in the reversed direction. 
[0026] Moreover, when the automatic 2-speed clutch 
transmission is housed in the enclosed case provided so 
with the heat radiating plates, the case can serve as a 
casing while ensuring efficient heat radiation, resulting 
in the simplified structure. 

[0027] Embodiments of the present invention will now 
be described with reference to the accompanying draw- 55 
ings, of which: 

Fig. 1 is a side view schematically showing the con- 



struction of an electric motorcycle as an embodi- 
ment of an electric vehicle of the present invention. 
Fig. 2 is a sectional view taken along line II - II in 
Fig. 1, the view showing an embodiment of an elec- 
tric power unit of th present invention. 
Fig. 3 is a plan view showing an embodiment of the 
electric power unit of the present invention. 
Fig. 4 is an exploded perspective view showing an 
embodiment of the electric power unit of the 
present invention. 

Fig. 5 is an overall horizontal sectional view show- 
ing an embodiment of a power transmitting unit of 
the present invention. 

Fig. 6 is an overall side view showing an embodi- 
ment of the power transmitting unit of the present 
invention. 

Fig. 7 is a sectional view taken along line VII - VII in 
Fig. 6, the view showing an embodiment of the 
power transmitting unit of the present invention. 
Fig. 8 concerns a power transmitting unit of the 
present invention and is a perspective view showing 
the construction of a dog clutch in an automatic 2- 
speed clutch transmission. 
Fig. 9 concerns a power transmitting unit of the 
present invention and is a perspective view showing 
a clutch movable portion and a clutch driving por- 
tion of the dog clutch. 

Fig. 10 concerns a power transmitting unit of the 
present invention and is a sectional view showing 
the clutch movable portion and the clutch driving 
portion of the dog clutch. 

Fig. 1 1 is a sectional view showing a clutch mova- 
ble portion and a clutch driving portion of the prior 
art clutch for comparison with the power transmit- 
ting unit of the present invention. 
Rg. 12 is a graph for explaining forces acting on the 
electromagnetically operated clutch movable por- 
tion of the prior art for comparison with the power 
transmitting unit of the present invention. 
Rg. 13 concerns a power transmitting unit of the 
present invention and is a graph for explaining 
forces acting on the electromagnetically operated 
clutch movable portion in one embodiment. 
Rg. 14 is a side view schematically showing an 
electric scooter as an example of a prior art electric 
vehicle. 

[0028] The present invention will hereinafter be 
described in connection with embodiments shown in 
Figs. 1 to 10. Note that the embodiments will be 
described, taking, merely as an example, an electric 
motorcycle as one kind of electric vehicle. 
[0029] In Rg. 1 , an electric motorcycle 1 includes road 
wheels 4, 5 positioned respectively in front and rear 
parts of a vehicle body 2 and suspended from a main 
frame 3 of the vehicle body, as with a conventional 
motorcycle driven by an engine. The front wheel 4 is 
steered by a handl 6, and th rear wheel 5 is rotatively 
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driven by not an engine, but an electric motor 7 for 
traveling. 

[0030] An electric power unit 8 for housing a power 
source such as storage cells and supplying electric 
power is mounted upon the main frame 3, together with 
a power transmitting unit 9 for conv rting the electric 
energy supplied from the electric power unit 8 into 
mechanical movement by the electric motor 7 and trans- 
mitting rotation of the motor to the rear wheel. Other 
parts, such as an accelerator grip provided on the han- 
dle 6, brake levers, brake mechanisms and suspen- 
sions, some of them being not shown, are basically the 
same as those used in conventional motorcycles. 
[0031] The electric power unit 8, as shown in Figs. 2 
to 4, comprises an upwardly opening case 1 0, a battery 
power supply 12 made up of a plurality of storage cells 
11 housed in the case 10, a charger 13 and a motor 
driving circuit 14 both disposed in the vicinity of the bat- 
tery power supply 12, and a plate substrate 15 for elec- 
trically connecting those components 12, 13, 14 to each 
other and covering an entire upper surface of the case 
10. The electric power unit 8 is mounted in a low-level 
position substantially centrally of the main frame 3 of the 
vehicle body 2 in such a manner that it can be replaced 
by new one at any time. 

[0032] The case 10 of the electric power unit 8 is 
made of a material having good thermal conductivity, 
such as an aluminium alloy, and is formed into the 
shape of a long upwardly open box. The plurality of stor- 
age cells 1 1 making up the battery power supply 12 are 
housed in the open space of the case 10. Also, the case 
10 is provided with mount plates 10a on both sides, the 
mount plates 1 0a being in the form of a long flat plate for 
supporting the charger 13 and the motor driving circuit 
14. A multiplicity of large-sized heat radiating plates 
(heat sinks) 10b are integrally provided on a lower sur- 
face of each of the mount plates 10a, to extend in the 
longitudinal direction of the vehicle body. Accordingly, 
heat generated due to operation of the charger 13 and 
the motor driving circuit 14 mounted on the mount 
plates 10a is dissipated to air through the heat radiating 
plates so that the components can continue operating 
normally. 

[0033] The charger 1 3 comprises a rectifying circuit, a 
transformer circuit, etc. and is employed when charging 
the storage cells with the electric power unit 8 kept 
mounted in place. Connector terminals 13a are pro- 
jected on an upper surface of the charger 13. Since the 
amount of heat generated by the whole of the charger 
13 during the charging operation is considerable, suffi- 
cient heat radiation is achieved through the large-sized 
heat radiating plates 10b provided on the case 10. Fur- 
thermore, with the charger 13 mounted near the battery 
power supply 12 in the case 10, the heat generated by 
the charger 13 can be conducted to the side of the stor- 
age cells 11 through the case 10 having high thermal 
conductivity, enabling the storage cells 11 of the battery 
power supply 12 t be heated appropriately in a low 



temperature environment such as that encount red in 
the winter. Even in the low temperature environment, 
therefore, since the storage cells 1 1 are heated appro- 
priately with the operating heat of the charger 13, the 
5 storage cells can fully develop their charging/discharg- 
ing ability and can be charged with a sufficient degr e of 
capacity. 

[0034] The motor driving circuit 14 primarily com- 
prises a MOSFET circuit, and has connector terminals 

10 14a projected on its upper surface. Chopper control is 
made by switching operation of the FET circuit to control 
the rotational speed of the motor. Since the amount of 
heat generated by the whole of the motor driving circuit 
is also considerable due to the switching operation, the 

is case 10 is designed to achieve a sufficient degree of 
heat radiation through the large-sized heat radiating 
plates 10b provided on the case 10. In addition, with the 
motor driving circuit 1 4 mounted near the battery power 
supply 12, the heat generated by the motor driving cir- 

20 cuit 1 4 can be conducted to the side of the storage cells 
1 1 through the case 10 having high thermal conductiv- 
ity, enabling the storage cells 11 of the battery power 
supply 12 to be heated appropriately in environment 
under low temperatures such as encountered in the 

25 winter. Even in the low-temperature environment, there- 
fore, since the storage cells 1 1 are heated appropriately 
with the operating heat of the motor driving circuit 14, 
the storage cells can fully develop their charging/dis- 
charging ability, allowing electric vehicles to travel in a 

30 wider range of environment. 

[0035] The plate substrate 1 5 is formed of a flat base 
plate having a larger area than at least an upper surface 
of the battery power supply 12. The plate substrate 15 
serves to interconnect the components 12, 13, 14 

35 mounted to the case 10 without using cables, and to 
mount various circuits 16 thereon. More specifically, on 
a lower surface of the plate substrate 15, connector 
sockets 15a are provided in positions corresponding to 
the connector terminals 11a, 13a, 14a of the storage 

40 cells 1 1 of the battery power supply 1 2, the charger 13 
and the motor driving circuit 14 which are mounted in 
place. Then, the sockets 15a are interconnected 
between selected pairs by conductor plates 15b which 
are each in the form of a long bar and fixed to the plate 

45 substrate 15 by being cauked using a press. Further, 
the conductor plates 15b are made of copper and set to 
have a large thickness for preventing power loss 
between the components 12, 13, 14 connected to each 
other. Additionally, since the connector sockets 15a and 

so the various circuits 1 6 are mounted on the lower surface 
of the plate substrate 15, it is possible to sufficiently 
ensure safety against electric shock and to protect the 
various circuits. 

[0036] In a gap between the sockets 15a of the plate 
55 substrate 1 5 and the conductor plates 1 5b, the principal 
control circuits, as well as various additional circuits 16 
can be mounted. For example, a monitor circuit for mon- 
itoring current and v Itage conditions of each of the 
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storage cells 11, a voltage equalizing circuit for sepa- 
rately discharging the storage cells so as to hav even 
voltages when variations in voltage of the storage cells 
1 1 are found as a result of the monitoring, circuits for 
driving and evaluating various sensors, etc. can be 5 
mounted on the plate substrate 15 together. Accord- 
ingly, a variety of circuits can easily be mounted and the 
addition of such circuits can provide the electric power 
unit 8 which is intelligent in that control of the storage 
cells is automated and upgraded. Also, with the circuits 
mounted on a single base plate, it is possible to control 
the circuits in a concentrated manner, facilitate electrical 
maintenance, and dispense with cord wiring between 
the circuits which are otherwise required in the vehicle 
body, enabling the device construction to be simplified. 
[0037] With the electric power unit of this embodiment, 
as explained above, the battery power supply compris- 
ing a plurality of storage cells, the charger, and the 
motor driving circuit are mounted in and on the case, 
and the connectors of those components are coupled to 
the sockets provided on the plate substrate and wired 
by the conductor plates allowing a large current to flow 
therethrough, so that the components are connected to 
each other without using cables. Therefore, the draw- 
backs attributable to the cable connection can be solved 
totally. It is thus possible to prevent troubles caused by 
disconnection of the connecting cables and contact fail- 
ures of the connectors. Also, since the storage cells can 
be interconnected in series or so in a predetermined 
way just by mounting the plate substrate in place, trou- 
blesome operation of attaching the connecting cables of 
the storage cells one by one is eliminated, the number 
of assembly steps can be reduced greatly, and the 
assembly is facilitated. Even when partly replacing the 
storage cells in ordinary use, the replacing operation is 
also likewise simplified. 

[0038] When replacing the exhausted battery, an elec- 
tric power unit having a reduced battery capacity need 
merely be replaced by another fully charged electric 
power unit at any time. Accordingly, there is no need to 
detach and attach the connecting cables whenever 
each storage cell is unloaded and loaded, thus enabling 
the replacing operation to be facilitated. 
[0039] Further, when replacing the battery after the 
electric motorcycle or vehicle has continued traveling, 
the motor driving circuit, which may fail to operate due to 
the heat generated by continuous operation, can also 
be replaced by new one under the normal temperature 
at the same time. This enables the electric vehicle to fur- 
ther continue traveling and ensures stable traveling over 
a long distance. 

[0040] When the electric power unit is replaced alto- 
gether, the life of storage cells can drastically be pro- 
longed by charging the exhausted electric power unit 
under strict temperature control. More specifically, when 
a storage cell is charged in a conventional manner, it 
cannot be charged at a desired constant temperature 
because the temperature of the storage cell itself is 



raised during the charging, or the temperature of open 
air is varied depending on th season. With such tem- 
perature variations in the charging, reliability of lead 
cells used as the storage cells has lowered, the service 
life thereof has shortened, and the economical effi- 
ciency has reduced. By charging th electric power unit 
while it is entirely immersed in a constant-temperature 
water bath at 30 °C, for example, the electric power unit 
can be charged while keeping it in a proper temperature 
condition. It is thus possible to maintain performance of 
the storage cells at a satisfactory level and to prolong 
the cell life. As a result, the economical efficiency can 
be increased. 

[0041] Further, since the case is made of a material 
having good thermal conductivity, the charger and the 
motor driving circuit are mounted on the case, and the 
large-sized heat radiating plates are provided near the 
mounted positions of those components for accelerat- 
ing heat radiation, a great heat radiating effect can be 
provided, limits in operating temperature of the charger 
and the motor driving circuit can be raised, and the 
operation performance thereof can be improved. 
[0042] Additionally, since the motor driving circuit and 
the charger are mounted in the vicinity of the battery 
power supply, the heat generated upon operation of the 
motor driving circuit or the charger can be conducted to 
the side of the storage cells through the case having 
high thermal conductivity, enabling the storage cells of 
the battery power supply to be heated appropriately and 
kept at a proper temperature. Even in a low temperature 
environment therefore, a deterioration in performance of 
the storage celts is prevented. Consequently, the charg- 
ing/discharging ability of the storage cells can be main- 
tained and the traveling performance of electric vehicles 
can be improved. 

[0043] Next, a power transmitting unit of the present 
invention will be described in connection with the 
embodiment shown in Figs. 5 to 10. 
[0044] A power transmitting unit 9 of this embodiment 
is disposed in an enclosed case 20, and comprises a 
motor driving circuit 21 , an electric motor 7 for traveling, 
and an automatic 2-speed clutch transmission 22 for 
converting rotative driving forces generated by the 
motor 7 into proper torque at a proper rotational speed 
and transmitting it to the rear wheel 5. The power trans- 
mitting unit 9 is attached to the body frame 3 through 
shock absorbers (not shown). 
[0045] More specifically, in Figs. 5 to 7, the electric 
motor 7 for traveling, which is housed in a casing struc- 
ture cast from an aluminium alloy, is fixed in the 
enclosed case 20 at one end, and the rear wheel 5 is 
fixed to an axle supported by the enclosed case 20 at 
the other end through a bearing. The automatic 2-speed 
clutch transmission 22 is disposed between an output 
shaft 7a of the motor and a rear wheel axle 5a is dis- 
posed and housed in the enclosed case 20. Thus, 
power generated by the motor 7 is transmitted to the 
rear wheel 5 through the automatic 2-speed clutch 
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transmission 22, whereupon the rear wheel 5 is rotated 
to propel the electric motorcycle for traveling. 
[0046] The enclosed case 20 is formed of an alumin- 
ium alloy which is a light-weight material having good 
thermal conductivity. A multiplicity of large-sized heat 5 
radiating plates (heat sinks) 20a are integrally provided 
on an outer surface of the enclosed case 20, near the 
positions where the electric motor 7 and the automatic 
2-speed clutch transmission 22 are mounted, to extend 
in the longitudinal direction of the vehicle body. Accord- 
ingly, while the motorcycle is traveling, a large amount 
of heat generated with operation of the electric motor 7 
is efficiently dissipated to a large amount of air passing 
the large-sized heat radiating plates 20a so that the 
motor 7 can continue operating stably. 
[0047] Further, the motor driving circuit 21 for control- 
ling a rotational speed of the electric motor 7 is dis- 
posed near the large-sized heat radiating plates 20a for 
sharing them so as to provide sufficient heat radiation. 
Although the motor driving circuit 21 is disposed in the 
case 20 on the same side as the motor 7 in the illus- 
trated embodiment, it may be disposed in the case 20 at 
a position near the automatic 2-speed clutch transmis- 
sion 22 where the heat radiating effect is great. 
[0048] The electric motor 7 for traveling is a large- 
power DC motor being superior in durability and reliabil- 
ity, and is horizontally mounted in the enclosed case 20. 
Output power of the electric motor 7 is transmitted to, or 
cut off from, the rear wheel 5 by a later-described dog 
clutch 23 of the automatic 2-speed clutch transmission 
22. 

[0049] The automatic 2-speed clutch transmission 22 
comprises a dog clutch 23 fitted over the motor output 
shaft 7a to be rotatable therewith and movable in the 
axial direction, and a gear train 30 including first and 
second driver transmission gears 24, 26 which are sup- 
ported respectively on both sides of the dog clutch 23 to 
be loosely rotatable in coaxial relation and are mechan- 
ically brought into contact with or away from the dog 
clutch 23. The first and second driver transmission 
gears 24, 26 of the gear train 30 and driven transmis- 
sion gears 25, 27 in mesh with the driver transmission 
gears 24, 26. respectively, are selected to have prede- 
termined gear ratios for rotation at predetermined 
reduced speeds. The driven transmission gears 25, 27 
are connected to the same intermediate driver shaft 28a 
to drive an intermediate driver gear 28 fitted over the 
intermediate driver shaft 28a. An intermediate driven 
gear 29 in mesh with the intermediate driver gear 28 to 
be driven thereby drives a toothed transmission device 
31 for driving the rear wheel axle 5a. The dog clutch 23 
is mechanically brought into contact with or away from 
one of the driver transmission gears 24, 26 selected by 
electromagnetic forces, thereby transmitting or cutting 
off the motor output power to or from it Thus, the power 
produced by the electric motor 7 is converted into 
proper torque at a proper rotational speed by a mechan- 
ical speed reduction mechanism, and the resulted driv- 



ing forces are efficiently transmitted to the rear wheel 
axle 5a through the toothed belt transmission device 31 
for rotatively driving the rear wheel 5. 
[0050] More specifically, as shown in Fig. 8, th dog 
clutch 23 comprises a clutch movable portion 32 cou- 
pled to the motor output shaft 7a through splines and 
movable in the axial direction thereof, and a cylindrical 
clutch driving portion 33 disposed around the clutch 
movable portion 32. Thus, the rotational power of the 
motor 7 is transmitted to the clutch movable portion 32 
for rotating the clutch movable portion 32, and the clutch 
movable portion 32 is moved in the axial direction of the 
motor output shaft 7a. Then, the clutch movable portion 
32 is moved toward one of the first and second driver 
transmission gears 24, 26 selected by electromagnetic 
forces from the clutch driving portion 33 for establishing 
mechanical contact therebetween. The selected first 
driver transmission gear 24 or second driver transmis- 
sion gear 26 is thereby rotated to achieve clutch opera- 
tion for transmission or cutoff of the power. Also, since 
the dog clutch 23 is operated by electromagnetic forces, 
it can be operated in electrical interlock with the electric 
motor 7 for traveling. 

[0051] The dog clutch 23 is one kind (jaw clutch) of 
meshing clutches. The clutch movable portion 32 has 
rectangular projections 32a. 32a formed on each of its 
side surfaces intermittently along a circumference about 
the motor output shaft 7a, and rectangular projections 
24a, 26a are likewise intermittently formed on respec- 
tive side surfaces of the first and second driver trans- 
mission gears 24, 26 opposing the side surfaces of the 
clutch movable portion 32. Therefore, when the clutch 
movable portion 32 is moved toward the first or second 
driver transmission gear 24, 26, the projections 32a and 
24a or 26a and recesses defined therebetween are 
brought into engagement with each other so that the 
motor output shaft 7a and the first or second driver 
transmission gear 24, 26 are mechanically coupled by 
the clutch movable portion 32. 
[0052] While the rectangular projections are provided 
on the same circumference in each of both the side sur- 
faces of the clutch movable portion 32 and the corre- 
sponding opposed side surfaces of the first and second 
driver transmission gears 24, 26 in this embodiment, the 
present invention is not limited to the illustrated arrange- 
ments. By way of example, projections and recesses 
may be in the form of trapezoids or spirals for mutual 
meshing to achieve mechanical coupling. Further, 
rather than arranging the projections along a circumfer- 
ence, a number of conical projections and recesses 
may be provided at random in each of the opposed side 
surfaces for mutual meshing. 
[0053] In the dog clutch 23, the clutch movable portion 
32 includes a permanent magnet 34 and the clutch driv- 
ing portion 33 includes excitation coils 35. 
[0054] More specifically, as shown in Fig. 9, the clutch 
movable portion 32 incorporates a cylindrical perma- 
nent magnet 34 provided with yokes 34a, 34a at its both 
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ends, the permanent magnet 34 having opposite end 
portions fixedly magnetized to N, S poles, respectively. 
By energizing the clutch driving portion 33 so that elec- 
tromagnetic forces act upon the permanent magnet 34, 
the clutch movable portion 32 is moved in the desired 
axial direction to perform the make-and-break operation 
of the clutch. 

[0055] The clutch driving portion 33 is in cylindrical 
form, has a larger outer diameter than the clutch mova- 
ble portion 32, comprises a yoke 36 made of a ferro- 
magnetic body, and has a substantially E-shape cross- 
section, and excitation coils 35 are disposed in respec- 
tive gap spaces of the E-shaped yoke 36. 
[0056] Further, as shown in Fig. 10, the E-shaped 
yoke 36 is formed to have a larger yoke thickness at 
both axial ends than a conventional E-shaped yoke 37 
(Fig. 1 1), so that a magnetic circuit having an increased 
amount of magnetic flux at each of both the yoke ends 
is constituted. Specifically, a yoke thickness A at both 
the ends of the present E-shaped yoke 36 is set to be 
greater than a yoke thickness B at both the ends of the 
conventional E-shaped yoke 37. When the permanent 
magnet 34 is moved, a magnetic field generated by the 
permanent magnet 34 causes forces, though varying in 
amount, to act on itself always in one direction against 
movement of the permanent magnet, as shown in Fig. 
12, for the conventional E-shaped yoke 37. On the other 
hand, for the present E-shaped yoke 36 having both the 
thickened yoke ends, the direction in which forces are 
acting on the permanent magnet 34 is reversed sub- 
stantially at a mid point of movement of the permanent 
magnet 34, as shown in Fig. 13. Specifically, within a 
stroke of movement of the permanent magnet 34 from 
the start point indicated by solid lines in Fig. 10 to the 
nearly mid point indicated by broken lines, the perma- 
nent magnet 34 is subjected to forces acting in opposed 
relation to the direction of movement thereof. However, 
within a stroke of movement of the permanent magnet 
34 from the nearly mid point to the end point indicated 
by two-dot-chain lines, the permanent magnet 34 is 
subjected to forces acting to propel it in the direction of 
movement. 

[0057] Thus, when the clutch movable portion 32 is 
positioned at the end of its movement stroke, attraction 
forces are exerted on the permanent magnet 34 by 
cooperation of the permanent magnet 34 of the clutch 
movable portion 32 and the yoke of the clutch driving 
portion 33 so as to act always in the direction of causing 
the clutch movable portion 32 to move into engagement 
with the driver transmission gear 24 or 26. Therefore, 
once the clutch movable portion 32 reaches the stroke 
end, the clutch movable portion 32 will not return to the 
neutral position and can be held in a pressed condition 
against the driver transmission gear, even if the excita- 
tion coils 35 of the clutch driving portion 33 are not ener- 
gized. Stated otherwise, since the direction in which the 
forces are acting on the clutch movable portion 32 is 
rev rsed before reaching the opposite ends of move- 



ment stroke of the clutch movable portion 32 such that 
forces pressing the clutch movable portion 32 in the 
direction of movement under excitation continues acting 
even after the excitation coils 35 are stopped from being 

5 energized, it is just required to energize the excitation 
coils 35 of the clutch driving portion 33 only at th begin- 
ning of movement of the clutch movable portion 32. As 
a result, the power consumed by the clutch operation 
can be reduced to a necessary minimum value. 

10 [0058] When breaking the connection of the clutch, 
i.e., when returning the clutch movable portion 32 of the 
dog clutch 23 to the neutral position, or when connect- 
ing it to the gear on the opposite side, a current is 
applied to the excitation coils 35 in the reversed direc- 

15 tion. The clutch movable portion 32 is thereby moved in 
a similar manner as described above, but in the 
reversed direction. 

[0059] The first and second transmission gear trains 
30 connected to or disconnected from the dog clutch 23 

20 comprise the first and second driver transmission gears 
24, 26, which are supported respectively on both sides 
of the dog clutch 23 so as to be loosely rotatable over 
the motor output shaft 7a, the first and second driven 
transmission gears 25, 27 in mesh with the driver trans- 

25 mission gears 24, 26, respectively, the intermediate 
driver gear 28 fitted over the intermediate driver shaft 
28a to which the first and second driven transmission 
gears 25, 27 are both fixed, and the intermediate driven 
gear 29 in mesh with the intermediate driver gear 28. 

30 The numbers of teeth of the first driver transmission 
gear and the first driven transmission gear are set to 
have a gear ratio of 30 : 1, for example, and the num- 
bers of teeth of the second driver transmission gear and 
the second driven transmission gear are set to have a 

35 gear ratio of 10: 1, for example. Thus, the rotational 
speed input from the motor output shaft is reduced by 
any of such gear ratios. 

[0060] The speed-reduced driving forces are finally 
transmitted to the rear wheel 5 via the toothed belt 

40 transmission device 31. Specifically, the intermediate 
driven gear 29 is fixed to a pulley shaft 41a to which is 
fixed to a driver pulley 41 . A toothed belt 43 is extended 
between the driver pulley 41 and a driven pulley 42 fixed 
to the rear wheel axle 5a. Therefore, the driving forces 

45 are highly efficiently transmitted through meshing 
between respective teeth on the pulleys 41, 42 and the 
belt 43. In other words, the transmission through teeth 
meshing is free from slippage and, hence, can be 
achieved with high reliability and efficiency. 

so [0061] Operation of the automatic 2-speed clutch 
transmission thus constructed will be described below. 
[0062] First, the control circuit automatically makes a 
judgment based on the running conditions and issues a 
clutch switching command to start the clutch switching 

55 operation of the dog clutch 23. 

[0063] When the electric motorcycle starts traveling, 
for example, the clutch transmission is shifted from the 
second gear side currently selected for traveling to the 
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first gear side. More specifically, a current in the prede- 
termined clutch switching direction is supplied to the 
excitation coils 35 of the clutch driving portion 33, 
whereupon the excitation coils 35 generates magnetic 
fields. These magnetic fields act on the permanent 
magnet 34 of the clutch movable portion 32, causing th 
clutch movable portion 32 to move toward the first driver 
transmission gear 24. At the same time, in response to 
a clutch switching signal, the torque and the rotational 
speed of the motor are controlled to be temporarily 
changed into proper ones, e.g., low torque. Accordingly, 
the clutch movable portion 32 and the first driver trans- 
mission gear 24 are smoothly engaged with each other, 
enabling the first driver transmission gear 24 to be rota- 
tively driven at the same rotational speed as the motor 
output shaft 7a, and the energization of the excitation 
coils 35 is stopped. Then, the rotational speed of the 
motor is reduced at the gear ratio of the first transmis- 
sion gear train, and the first driven transmission gear 25 
is rotated at the reduced rotational speed. The resulting 
rotational driving forces are transmitted from the inter- 
mediate driver gear 28 on the same shaft as the first 
driven transmission gear 25 to the driver pulley 41 
through the intermediate driven gear 29. Then, the driv- 
ing forces of the driver pulley 41 are transmitted to the 
driven pulley 42 through the toothed belt 43, whereupon 
the rear wheel 5 coupled to the rear wheel axle 5a, to 
which the driven pulley 41 is fixed, is driven at the 
reduced rotational speed determined by the first trans- 
mission gear ratio, thereby propelling the electric motor- 
cycle to travel. 

[0064] When the traveling speed is increased and the 
motor is operated at a high rotational speed and high 
torque after the electric motorcycle is driven at the first 
transmission speed, the clutch transmission is shifted 
from the first gear side to the second gear side. More 
specifically, a current in the predetermined clutch 
switching direction is supplied to the excitation coils 35 
of the clutch driving portion 33, whereupon the excita- 
tion coils 35 generate magnetic fields. These magnetic 
fields act on the permanent magnet 34 of the clutch 
movable portion 32, causing the clutch movable portion 
32 to move toward the second driver transmission gear 
26. At the same time, in response to a clutch switching 
signal, the torque and the rotational speed of the motor 
are controlled to be temporarily changed into proper 
ones. Accordingly, the clutch movable portion 32 and 
the second driver transmission gear 26 are smoothly 
engaged with each other, enabling the second driver 
transmission gear 26 to be driven at the same rotational 
speed as the motor output shaft 7a, and the energiza- 
tion of the excitation coils 35 is stopped. Then, the rota- 
tional speed of the motor is reduced at the gear ratio of 
the second transmission gear train, and the second 
driven transmission gear 27 is rotated at the reduced 
rotational speed, thereby propelling the electric motor- 
cycle to continue traveling. 

[0065] With this embodiment, as explained above, 



since the driver side and the driven side are coupled to 
each other through mechanical meshing using the dog 
clutch as one kind of meshing clutch operated by elec- 
tromagnetic forces, and driving forces are transmitted 

5 through meshing between respective teeth on the belt 
and the pulleys, high transmission efficiency can be 
achieved. Specifically, since the combination of the 
meshing clutch and the toothed belt is free from slipping 
and ensures positive transmission of the driving forces, 

10 the transmission efficiency can be improved to about 90 
%, as compared with 70 % achievable with the conven- 
tional friction transmission using a V belt. This is 
because utilization of friction forces produced between 
the belt and the pulleys for transmitting the driving 

is forces therebetween necessarily causes slipping during 
the transmission to such an extent that appreciable 
problems occur in practical use, whereas no slipping is 
caused in the meshing transmission of this embodi- 
ment. 

20 [0066] Also, since the make- and break-operation of 
the clutch is electrically performed by utilizing electro- 
magnetic forces, the clutch can be actuated in electrical 
interlock with the motor to improve performance of the 
clutch operation. Specifically, when the clutch is actu- 

25 ated for the make- and break-operation, the torque and 
the rotational speed of the motor can be controlled to be 
temporarily changed into proper ones in response to the 
clutch awtching signal. Therefore, meshing, engage- 
ment and disengagement between the clutch members 

30 can smoothly be effected, providing an agreeable feel- 
ing in the clutch operation and improving performance 
of the make- and break-operation of the clutch. 
[0067] Further, since the motor driving circuit, the 
motor for driving, and the automatic 2-speed clutch 

35 transmission are housed as one unit in the enclosed 
case provided with the heat radiating plates, the case 
can serve as a casing while ensuring heat radiation, 
resulting in a simplified structure. 
[0068] Additionally, since the electric wiring intercon- 

40 necting the above components is housed in the case, 
the wiring can be protected sufficiently and reliability of 
the power and transmitting apparatus can be increased. 
[0069] As described hereinabove, the electric power 
unit overcomes the drawbacks attributable to cable con- 

45 nection, since the battery power supply comprising the 
plurality of storage cells, the charger, and the motor 
driving circuit are mounted in and on the case, and the 
connectors of those components are coupled by the 
sockets to interconnect the components without using 

so cables, ft is thus possible to prevent troubles caused by 
disconnection of the connecting cables and contact fail- 
ures of the connectors. Also, since the storage cells can 
be interconnected in series or so in a predetermined 
way just by mounting the plate substrate in place, trou- 

55 blesome operation of attaching the connecting cables of 
the storage cells one by one is eliminated. 
[0070] When replacing the exhausted battery in usual 
case, it is just required to replace th electric power unit 
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having a reduced battery capacity by another fully 
charged electric power unit at a time. Accordingly, there 
is no need to detach and attach the connecting cables 
whenever each storage cell is unloaded and loaded. 
[0071] Furth r, when replacing the battery after the 
electric vehicle has continued traveling, the motor driv- 
ing circuit, which may fail to operate due to the heat gen- 
erated by continuous operation, can also be replaced by 
new one under the normal temperature at the same 
time, enabling the electric vehicle to further continue 
traveling. 

[0072] When the electric power unit is thus replaced 
altogether, performance of the storage cells can be 
maintained at a satisfactory level and the cell life can 
drastically be prolonged by charging the exhausted 
electric power unit under strict temperature control. 
Specifically, when a storage cell is charged in a conven- 
tional manner, it cannot be charged at a desired con- 
stant temperature because the temperature of the 
storage cell itself is raised during the charging, or the 
temperature of open air is varied depending on the sea- 
son. On the other hand, by charging the electric power 
unit of the present invention while it is entirely immersed 
in a constant-temperature water bath at 30 °C, for exam- 
ple, the electric power unit can be charged while keep- 
ing it in a proper temperature condition. It is thus 
possible to prevent a reduction in reliability of the stor- 
age cells due to temperature variations, maintain per- 
formance of the storage cells at a satisfactory level, and 
hence prolong the cell life. 

[0073] Further, when the case is made of a material 
having good thermal conductivity, the charger and the 
motor driving circuit are mounted on the case, and the 
heat radiating plates are provided near the mounted 
positions of those components, heat radiation is accel- 
erated and a great heat radiating effect is provided. 
[0074] Additionally, when the motor driving circuit and 
the charger are mounted in the vicinity of the battery 
power supply, the heat generated upon operation of the 
motor driving circuit or the charger can be conducted to 
the side of the storage cells through the case having 
high thermal conductivity in low temperature environ- 
ments such as are encountered in the winter, enabling 
the storage cells of the battery power supply to be 
heated appropriately and kept at a proper temperature. 
Even in low temperature environments therefore, a 
deterioration in performance of the storage cells is pre- 
vented. 

[0075] In the power transmitting unit, since the make- 
and break-operation of the clutch is electrically per- 
formed by utilizing electromagnetic forces, the clutch 
can be actuated in electrical interlock with the motor to 
improve performance of the clutch operation. That is to 
say, when the clutch is actuated for the make- and 
break-operation, the torque and the rotational speed of 
the motor can be controlled to be temporarily changed 
into proper ones in r sponse to the clutch switching sig- 
nal. 



[0076] Also, when the clutch movable portion is posi- 
tioned at th end of its movement stroke, attraction 
forces are exerted on the permanent magnet by cooper- 
ation of the permanent magnet of the clutch movable 

5 portion and the yoke of the clutch driving portion so as 
to act always in the direction of causing the clutch mov- 
able portion to move into mesh with the driver transmis- 
sion gear. Therefore, when the clutch movable portion 
once reaches the stroke end, the clutch movable portion 

10 will not return to the neutral position and can be held in 
a pressed condition against the driver transmission gear 
even if the excitation coils of the clutch driving portion 
are not energized. Otherwise, since the direction in 
which electromagnetic forces are acting on the clutch 

15 movable portion is reversed before reaching the oppo- 
site ends of movement stroke of the clutch movable por- 
tion such that the forces pressing the clutch movable 
portion in the direction of movement under excitation 
continues acting even after the excitation coils are 

20 stopped from being energized, it is just required to ener- 
gize the excitation coils of the dutch driving portion only 
at the beginning of movement of the clutch movable por- 
tion. As a result, the power consumed by the clutch 
operation can be reduced to a necessary minimum 

25 value. When breaking the connection of the clutch, i.e.. 
when returning the clutch movable portion of the dog 
clutch to the neutral position, or when connecting it to 
the gear on the opposite side, a current is supplied to 
the excitation coils in the reversed direction. The clutch 

30 movable portion is thereby moved in a similar manner 
as mentioned above, but in the reversed direction. 
[0077] Further, when the automatic 2-speed clutch 
transmission is housed in the enclosed case provided 
with the heat radiating plates, the case can serve as a 

35 casing while ensuring efficient heat radiation, resulting 
in the simplified structure. 

[0078] To conclude, the electric power unit can be 
assembled easily and replaced by new one at any time 
and houses the plurality of storage cells, the motor driv- 

40 ing circuit and the charger in the case, and electrically 
connecting those components to each other by the plate 
substrate. Also, the power transmitting unit, which can 
increase the transmission efficiency and can be auto- 
matically operated in electrical interlock with the motor, 

45 uses the motor for traveling and the automatic 2-speed 
clutch transmission provided with the meshing clutch 
operable by electromagnetic forces. Thus, by realizing 
the unit structure of each of the electric power unit and 
the power transmitting unit, the present invention can 

so improve the overall traveling ability of electric vehicles. 
[0079] The aforegoing description has been given by 
way of example only and it will be appreciated by a per- 
son skilled in the art that modifications can be made 
without departing from the scope of the present inven- 

55 tion as defined in the claims. 
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Claims 

1 . A power transmitting unit (9) for an electric vehicle 
for transmitting power from an electric motor (7) to 

a wheel (5), the power transmitting unit comprising: 5 

first and second gears (24,26) for driving the 
wheel (5); and 

a meshing clutch (23) comprising: a clutch 
movable portion (32) which is arranged to 10 
rotate with a motor output shaft (7a) and is 
movable in an axial direction of the motor out- 
put shaft to engage with the first (24) or the 
second (26) gear; and a clutch driving portion 
(33) having excitation coils (35) which envelops is 
the clutch movable portion (32) characterised 
in that the clutch moveable portion incorpo- 
rates a permanent magnet, and the clutch driv- 
ing portion (33) has, at both axial ends, yokes 
(36) set to have a larger axial thickness (A) 20 
than yokes at both ends of the clutch movable 
portion (32), thereby constituting a magnetic 
circuit for inducing electromagnetic forces of 
which the acting direction is reversed after 
movement of the clutch movable portion (32) is 25 
begun by excitation of the clutch driving portion 
(33). 

2. A power transmitting unit (9) as claimed in claim 1 
wherein the meshing clutch is a dog clutch. 30 

3. A power transmitting unit (9) as claimed in claims 1 
or 2 wherein the driver gears are supported at 
either end of the clutch (23) such that they may be 
mechanically brought into contact with the clutch 35 
(23). 

4. A power transmitting unit (9) as claimed in any pre- 
ceding claim further comprising a case (20) for 
housing the gears (24,26) and the clutch (23), the 40 
case (20) having heat radiating plates (20a). 

5. An electric vehicle having a power transmitting unit 
(9) as claimed in any preceding claim. 

45 

Patentanspruche 

1. Kraftubertragungseinheit (9) fur ein Elektrofahr- 
zeug zur Kraftubertragung von einem Elektromotor 
(7) zu einem Rad (5), wobei die Kraftubertragungs- so 
einheit umfaBt: 

erste und zweite Zahnrader (24, 26) zum 
Antrieb des Rads (5); und 
eine kammende Kupplung (23), umfassend: ss 
einen beweglichen Kupplungsteil (32), der zur 
Drehung mit iner Motorausgangswelle (7a) 
angeordn t ist und in axialer Richtung der 



Motorausgangswelle zum Eingriff mit dem 
ersten (24) oder dem zweiten (26) Zahnrad 
beweglich ist; und einen Erregungsspulen (35) 
aufweisenden Kupplungsantriebsteil (33), der 
den beweglichen Kupplungsteil (32) umgibt, 
dadurch gekennzelchnet, da(3 der bewegli- 
che Kupplungsteil einen Permanentmagneten 
enthait und der Kupplungsantriebsteil (33) an 
beiden Axialenden Joche (36) aufweist, die 
eine grdBere axiale Dicke (A) besitzen ais 
Joche an beiden Enden des beweglichen 
Kupplungsteils (32), urn hierdurch einen 
magnetischen Kreis zum Induzieren elektro- 
magnetischer Krafte zu bilden, deren Wirkrich- 
tung umgekehrt wird, nachdem die Bewegung 
des beweglichen Kupplungsteils (32) durch 
Erregung des Kupplungsantriebsteils (33) 
begonnen hat. 

2. Kraftubertragungseinheit (9) nach Anspruch 1, 
wobei die kammende Kupplung eine Klauenkupp- 
lung ist. 

3. Kraftubertragungseinheit (9) nach Anspruch 1 oder 
2, wobei die Antriebszahnrader an jedem Ende der 
Kupplung (23) derail gelagert sind, daB sie mit der 
Kupplung (23) mechanisch in Kontakt gebracht 
werden kGnnen. 

4. Kraftubertragungseinheit (9) nach einem der vor- 
hergehenden Anspruche, ferner umfassend ein 
Geh&use (20) zur Aufnahme der Zahnrdder (24, 
26) und der Kupplung (23), wobei das Gehause 
(20) warmeabstrahlplatten (20a) aufweist. 

5. Elektrofahrzeug mit einer Kraftubertragungseinheit 
(9) nach einem der vorhergehenden Anspruche. 

Revendications 

1. Unite de transmission de puissance (9) pour un 
v6hicule 6lectrique destin£e & transmettre de la 
puissance d'un moteur 6lectrique (7) & une roue 
(5), I'unit6 de transmission de puissance compre- 
nant: 

un premier et un second pignons (24, 26) pour 
actionner la roue (5) ; et 
un embrayage a engrenage (23) comprenant : 
une partie mobile d'embrayage (32) qui est 
agencSe pour tourner avec un arbre de sortie 
de moteur (7a) et qui est mobile dans la direc- 
tion axiale de Carfare de sortie de moteur pour 
coop6rer avec le premier (24) ou le second (26) 
pignon ; et une partie motrice d'embrayage 
(33) ayant des bobines d'excitation (35) qui 
enveloppe la partie mobil d'embrayage (32) , 
caract6ris6e en ce que la partie mobile d 
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I'embrayage incorpore un aimarrt permanent, 
et la partie motrice d'embrayage (33) a, aux 
deux exttemites axiales, des culasses congues 
de tel le sorte qu'elles ont une 6paisseur axiale 
(A) plus large que des culasses se trouvant aux 5 
deux exttemites de la portion mobile 
d'embrayage (32), constituant ainsi un circuit 
magn£tique pour induire des forces 6lectroma- 
gn&iques dont la direction d'action est inver- 
se aprds que le mouvement de la partie w 
mobile d'embrayage (32) est commenc6 par 
excitation de la partie motrice d'embrayage 
(33). 

Unite de transmission de puissance (9) selon la 15 
revendication 1 dans laquelle I'embrayage k engre- 
nage est un embrayage k dents. 

Unite de transmission de puissance, selon Tune 
des revendications 1 ou 2, dans laquelle les 20 
pignons d 'entrain em ent sont supports k chaque 
exttemite de I'embrayage (23) de telle sorte qu'ils 
peuvent §tre mis m6caniquement en contact avec 
I'embrayage (23) . 

25 

Unite de transmission de puissance, selon Tune 
quelconque des revendications pr£c6dentes, com- 
prenant en outre un carter (20) pour loger les 
pignons (24, 26) et I'embrayage (23). le carter (20) 
ayant des plaques de radiation de chaleur (20a). 30 

Vghicule 6lectrique ayant une unite de transmission 
de puissance (9) selon Tune quelconque des reven- 
dication pr6c£dentes. 
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Fig. 3 
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Fig. 5 
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